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DESIGN:
After a systematic search to find all cancer risk calculators on the internet, we reviewed the content of each site for information that users should seek to evaluate the quality of a website. We then examined the consistency of the breast cancer risk calculators by having 27 women complete 10 of the breast cancer risk calculators for themselves. We also completed the breast cancer risk calculators for a hypothetical highand low-risk woman, and compared the output to Surveillance Epidemiology and End Results estimates for the average same-age and same-race woman.
RESULTS: Nineteen sites were found, 13 of which calculate breast cancer risk. Most sites do not provide the information users need to evaluate the legitimacy of a website. The breast cancer calculator sites vary in the risk factors they assess to calculate breast cancer risk, how they operationalize each risk factor and in the risk estimate they provide for the same individual.
CONCLUSIONS:
Internet cancer risk calculators have the potential to provide a public health benefit by educating individuals about their risks and potentially encouraging preventive health behaviors. However, our evaluation of internet calculators revealed several problems that call into question the accuracy of the information that they provide. This may lead the users of these sites to make inappropriate medical decisions on the basis of misinformation.
INTRODUCTION
Increasingly, people turn to the internet for health information. In 2002, 63% of the population had ever gone online, and 51% of individuals who used the internet had used it to search for health information. Almost half of the general public who had searched for cancer information had chosen the internet as their first source for information. 1 In addition to providing general health information, the internet also enables people to obtain information tailored to their individual characteristics, including the prediction of an individual's disease risk by internet risk calculators. Cancer risk prediction has become an increasingly important focus for the medical profession and the lay public. The prediction of individual cancer risk from risk factors has traditionally been based upon predictive models derived from epidemiologic studies of cancer incidence. 2 August 15, 2005) . These tools ask the site visitor for risk factor information and then calculate the individual's risk of the cancer. These websites have the potential to provide benefit by disseminating information about individual cancer risk that can improve knowledge, decision making, and preventive health behavior.
However, the internet is unregulated; anyone can post a health information website or a cancer risk assessment website. Perhaps, as a result, studies have found some health information on the internet to be of poor quality. [9] [10] [11] [12] Inaccurate information may lead to inappropriate medical decisions, [13] [14] [15] such as whether or not to undergo recommended cancer screening or change a diet or exercise regimen. These concerns may be greater for internet risk calculators than general health information websites because the latter provide aggregate information, whereas the former provide information that is specific to the individual, leaving the user less likely to question whether or how well the information applies to them. However, little is currently known about the quality of the information provided by cancer risk calculators on the internet. 16, 17 Thus, the purpose of this study was to evaluate cancer risk calculators on the internet with respect to the content of the sites (e.g., whether information is provided for a user to evaluate the credibility of the site). Because the majority of internet cancer risk calculators focus on breast cancer, we were able to conduct a more extensive evaluation of breast cancer risk calculator sites, examining the consistency of the risk factors assessed to calculate risk and variation in and consistency of the risk estimates provided. Although even the best risk calculators are known to be imperfect predictors, 18 information about the content of these sites could be of great use to the millions of people who visit these sites annually.
METHODS
We conducted a systematic search of the internet to identify all sites with a risk calculator for any cancer. We searched the terms "cancer risk" (without quotes) in each of the following search engines using Microsoft Internet Explorer: Google, MSN, Yahoo, Lycos, and Excite. The first 1,000 hits from each search were visited to determine whether they included a cancer risk calculator. After excluding duplicates (sites with links to the same risk calculator) and non-English sites, a list of 19 unique cancer risk calculators was generated. Additional searches were conducted using the terms cancer risk calculator, personal cancer risk, and individual cancer risk but yielded no new calculators. We developed a site-abstraction form to collect data on whether each of the following was present on each cancer risk calculator website: (1) source information (e.g., a medical reference), (2) information on when the site was last updated, (3) the algorithm or model used to calculate the risk estimate, (4) a disclaimer of liability, and (5) information on the website's affiliations. We also determined the format of the output of each risk calculator and which cancers each site addressed. For the breast cancer sites, we examined the risk factors they assessed and how they operationalize each risk factor.
With Institutional Review Board approval from the University of Pennsylvania, we then recruited a convenience sample of women from the general population (N=27) to complete ten of the breast cancer risk calculators for themselves and provide us with print-outs of their output from each site. Subjects had a mean age of 42 (range, 21-61), all were Caucasian and 43% were Ashkenazi Jewish. Their average lifetime breast cancer risk, according to the Gail model, was 14.12%. We compared the output the subjects provided using simple descriptive analyses, as well as calculations of the correlations of the estimates provided by each site for a given subject. To calculate these correlations, where necessary, we converted all nonnumeric scales used by sites (e.g., "very much below average," to "very much above average") to ordinal scales (e.g., a 7-point scale where 1="very much below average" and 7="very much above average").
We also compared the output provided by each site for two hypothetical patients, one created with characteristics leading to a low risk of breast cancer and the other with characteristics indicative of a high risk of breast cancer (Appendix 1). These hypothetical patients' risk factors were based on well-established breast cancer risk factors (Tables 2 and 3) . [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] If an internet risk calculator asked questions about risk factors that were not in the description created (e.g., education), unknown/not sure was entered when that option was provided or were answered with the midpoint or average response and recorded. The latter was required only 9 times. Because there is no gold standard for breast cancer risk prediction and the currently available risk prediction models have significant limitations, we provided a framework for assessing the risk estimates by comparing the outputs for high-and low-risk women to population-based incidence rates of breast cancer provided by Surveillance Epidemiology and End Results (SEER). 33 According to SEER data, the average 55-year-old white woman has a 2.5% 10-year breast cancer risk, 9.35% 30-year risk, and 11.5% lifetime risk. The average 55-year-old black woman has a 2.1% 10-year risk, 6.63% 30-year risk, and 7.75% lifetime risk. We predicted that the output The italicized entries represent "yes": The risk factor is assessed on the respective website. The italicized entries represent "yes": The risk factor is assessed on the respective website.
for the high-risk women should be higher than the average SEER risk, whereas the output for the low-risk women should be lower than the average SEER risk. In addition, we examined the variation in the range between the estimates for the highand low-risk women across the calculators. Table 1 shows the internet risk calculators found in our search. There
RESULTS
are 13 calculators for breast cancer risk, 5 for colon, 4 for prostate, 4 for lung, 3 for bladder, 3 for ovarian, 3 for melanoma, 2 for uterine, 2 for kidney, 2 for pancreatic, 2 for cervical, 1 for stomach, and 1 for general cancer risk.
Content of Websites
The websites varied in the information they provided to allow a user to assess the credibility of the site ( 
Risk Factors Measured
The breast cancer risk calculators also varied in the risk factors collected for the calculation. As shown in Tables 2 and 3 , only some of the breast cancer sites asked users about each of several well-established breast cancer risk factors. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] For instance, of the 13 breast cancer calculators, all assessed family history, 10 assessed age of menarche, 8 assessed Jewish ancestry, 7 assessed hormone therapy use, and 4 assessed breastfeeding. The websites also varied in how they operationalized each risk factor. For example, across the breast cancer websites, family history was assessed each of the following ways: (1) Yes/no first degree relative had cancer, and if yes, cancer type and age at diagnosis for each. (2) Yes/no mother had breast cancer. (3) Yes/no mother or sister had breast cancer (followed by age of diagnosis question for each on some sites). 
Calculator Output
The websites also differed in the output they provided for the same person. In fact, each website's output for each subject was not consistently correlated with the other websites' output. The average correlation coefficient for the estimates provided by the 10 breast cancer websites for the study participants was 0.42 with a range from −0.74 to +1.00. Eighteen (40%) of the 45 pairs reached statistical significance. However, it is important to note that some internet sites were completed by only a subset of the subjects (an omission by the subject), giving those sites lower power to reach statistical significance because of a smaller sample size. Table 4 shows the output from the breast cancer sites for four sample subjects whose risk factors are presented in Appendix 2 (the anonymous output from each site for all subjects is available on the JGIM website). Although the variation in the format of the output from each website makes comparison of the nonstandardized outputs difficult, some comparisons can be made. For instance, the three sites that provided a comparative statement of risk provided different results from each other for three of the four sample subjects. Comparisons of the sites with numeric estimates to each other and to the comparative estimates (assuming an average woman's risk of 12.5%) 34 revealed some small and some large differences. For example, for subject 1, the Halls MD and NCI sites, which presented lifetime risk estimates did not differ much from each other (18.4% vs 17.7%), but they did deviate from the comparative risk estimate of "average risk" from the Women's Cancer Network site. In addition, the three websites presenting 30-year risk estimates (GenneX, Halls MD, and RealAge) differed greatly from each other (30% vs 7.7% vs 3.3% for subject 1; Table 4 ).
As shown in Table 5 , the output provided by the websites for the hypothetical high-and low-risk women also varied. For instance, for the high-risk woman, the 30-year estimates for Halls MD and the National Surgical Breast and Bowel Project did not differ much (38.7% vs 35%) but were very different from the GenneX estimate (64%). The lifetime estimates for the high-risk woman were similar for NCI and Halls MD (40.5% vs 42.3%) but differed greatly from the RealAge estimate (15.2%).
Furthermore, when comparing numeric estimates from each site for the hypothetical high-and low-risk women to the appropriate SEER estimate (matched by gender, age, and time frame of the estimate), there was a fivefold difference across internet calculators' estimates for the high-risk woman and a twofold difference for the low-risk woman. For the highrisk woman, the GenneX site provided a 30-year estimate that was 6.8 times the SEER 30-year estimate for the average same-age, Caucasian woman (64% from GenneX vs 9.35% from SEER), whereas the RealAge site provided a lifetime risk estimate that was 1.3 times the SEER lifetime estimate for the average same-age white woman (15.2% vs 11.5%). For the lowrisk woman, the GenneX site provided a 30-year estimate that was nearly identical to the SEER estimate for the average same-age black woman (6% vs 7.75%), whereas the National Surgical Breast and Bowel Project site provided an estimate that was less than half of the SEER estimate (3% vs 6.6%).
DISCUSSION
Cancer risk calculators on the internet disseminate individualized cancer risk estimates and recommendations to site visitors. Thus, cancer risk calculators on the internet can be a valuable tool for improving people's understanding of their cancer risks and encouraging preventive health measures, which can reduce cancer risk. 28, 29, 35, 36 However, the lack of regulation or oversight of information on the internet raises concerns . about the quality and accuracy of the risk information that these calculators provide. Our study provides evidence to support these concerns on several levels. First, a prudent internet user should evaluate the website before accepting the information it provides, but we found that many of the sites do not provide the information (e.g., source information) that a user would need to conduct this evaluation. Others have raised this same concern about cardiovascular risk calculators on the internet 37 and health information websites more generally. 11 The absence of this information on some websites raises the question of whether a reliable source exists. Second, the breast cancer risk calculators vary in the risk factors that they use to assess a visitor's risk of breast cancer and how they operationalize these risk factors. Some calculators do not include well-established risk factors in their calculation. Third, the breast cancer risk calculators vary in the estimates they provide for the same woman's risk of breast cancer, and their estimates are not consistently correlated with each other. This variation strongly suggests that the risk estimates from some of the calculators are inaccurate. Because so few sites calculate risks of cancers other than breast cancer, we could not examine whether these two issues apply to calculators for other cancers as well.
These variations and potential inaccuracies in internet risk calculator output may generate inaccurate perceptions of cancer risks in the general public, which may lead to inappropriate decisions and behaviors. For instance, a visitor who is told that her risk of breast cancer is lower than it actually is might decide not to get routine breast screening, placing her at increased risk of death from breast cancer. Conversely, a visitor who is told that her risk of breast cancer is twice as high as it actually is may become distressed or obtain unnecessary screening tests or even invasive diagnostic procedures.
These scenarios are real possibilities. Studies have shown that the general public views information on the internet as trustworthy, 38, 39 and 71% of online health informationseekers said that information they found on the internet influenced their decisions regarding their own healthcare or that of a loved one. 40 Thus, the dissemination of inaccurate risk information may have significant consequences for people's health decisions and health behavior. The results of this study must be considered within its limitations. First, the subjects in this study were from a convenience sample and were not representative of any particular patient population or the US population. However, because this study compared internet risk calculator output either withinsubject or between a subject and corresponding SEER estimates, the nature of the sample should have no impact on the findings. Second, the absence of a gold standard (i.e., the true risk estimate for a given person) and the variation in output format hinders our ability to evaluate the risk calculator output provided by each site for each subject. However, the SEER estimates provided information on the average same-sex and same-race patient as the hypothetical high-and low-risk women, which facilitated an evaluation of the sites' output. Furthermore, even without knowing the true risk for a given person, the variation in the output across the sites makes it clear that at least some sites are providing inaccurate estimates; the different estimates cannot all be correct. Third, it is also difficult to evaluate these sites without considering the algorithm they used (and how it was validated) to calculate risk estimates. However, upon requesting information on the algorithm used by the sites that did not document this information on their webpage, we either received no response or a denial of our request. Finally, it is important to note that the World Wide Web is an ever-changing environment, and as a result, the conclusions from this study are time sensitive. In fact, during the review of this manuscript, 5 of the sites became inactive.
Nevertheless, the results of our evaluation of cancer risk calculators on the internet suggest several points for further consideration. First, the results highlight the need for oversight of these websites and correction of existing inaccuracies. The provision of inaccurate risk information by these sites may have significant consequences for patients' health outcomes. Second, these results can provide guidance to assist healthcare providers in determining which sites they ought to recommend to their patients and to assist patients in selecting the site that is most useful to them. Finally, these results also highlight the difficulties in developing a "gold-standard" risk prediction model. The multiple risk factors for any given cancer are generally not available from a single study requiring statistical methods to aggregate their effects into a summative estimate. These methods can be misleading if they fail to take into account lack of independence among the risk factors or the variation in their effects across different population subgroups. These difficulties contribute to the lack of a dominant approach to risk assessment and the variation across the websites.
There is little doubt that making individualized health information available on the internet for easy access by the general public is a worthwhile goal. However, if this information is not of sufficient quality, it will have the reverse of the intended effect and may increase patient and health system burden rather than reducing it.
